room temperature, MoS-CoS or MoS-CoS-Zn were collected by centrifugation, washed by DI water for three times, and the dried in an oven at 60℃ for 12 h. 2 .6H 2 O and 0.2 g of TU were dissolved in 25 mL of DI water. The obtained solution was then transferred into a 50 ml Teflon-lined autoclave, which was sealed and maintained at 220℃ for 24 h.
Synthesis of MoS-CoS
After cooling down room temperature, the product was collected by centrifugation, washed by DI water for three times, and the dried in an oven at 60℃ for 12 h.
Materials characterization.
Field emission-scanning electron microscopy (FESEM) was performed on a JEOL FEG JSM-7001F, equipped with an Oxford/INCA EDS, to study the morphology of the materials.
Transmission electron microscopic (TEM) and high-resolution transmission electron microscopic (HRTEM) images were recorded by a JEOL JEM-2010 F microscope at an acceleration voltage of 300 kV.
The elemental mapping of the materials was performed by energy-dispersive X-ray spectroscope (EDX) attached to the JEOL JEM-2010 F TEM instrument. The crystal structure was obtained by X-ray powder diffraction (XRD) by collecting the patterns using a diffractometer (GADDS XRD system, Bruker AXS) equipped with a CuKα radiation source (λ= 1.54 Å). X-ray photoelectron spectroscopy (XPS) measurements were performed on a PHI Quantera x-ray photoelectron spectrometer with a monochromated Al Kα radiation. Raman spectrum was obtained using a 532 nm excitation laser with a WITec Raman instrument. Nitrogen adsorption-desorption isotherms were obtained at 77.3 K using the (Quantachrome) NOVA-1200 System and pore size distribution was calculated by BJH method based on desorption isotherm.
The UPS measurements were carried out using the SINS beamline of Singapore Synchrotron Light Source equipped with a VG Scienta R4000 analyser. [1] The work-functions (WFs) were measured with an excited photon energy of 60 eV and the sample is biased at -10 V. The following formula was used to calculate work function:
where, is the instruments work function ( ), is the kinetic energy at the secondary electron edge, which is at the peak position of the differentiate curve.
Zn and Co K-edge X-ray absorption fine structure (XAFS) data was recorded using XAFCA beamline at the Singapore Synchrotron Light Source (SSLS). [2] Zn and Co foil were applied for the energy correction of the Zn and Co K-edge spectra, respectively. The Mo K-edge XAFS data was collected at 1W1B of Beijing Synchrotron Radiation Facility (BSRF) under transmission mode. Mo foil was applied for the energy correction.
Electrode preparation and electrochemical measurements.
HER tests. The working electrode was prepared by mixing 5 mg of active material with 0.95 mL ethanol and 0.05 mL Nafion® 117 solution (5 wt%). The mixture was sonicated for 30 min to prepare a homogeneous ink. Then, 6.3 µl of the ink dispersion was loaded onto the glassy carbon (GC) disk of 4 mm in diameter, leading to a catalyst loading of 0.25 mg cm -2 . Finally, it was dried at room temperature.
All electrochemical measurements were conducted on a CHI 660E electrochemical workstation with a standard three-electrode set-up using the as-synthesized materials as working electrode, saturated calomel electrode (SCE) as reference electrode and carbon rod as counter electrode in 0. Theoretical methodology. First-principles calculations were performed based on spin-polarized density functional theory (DFT) using the generalized gradient approximation of Perdew, Beurke and Ernzerhof (GGA-PBE) for the exchange-correlation functional, [3] implemented in the Vienna ab-initio Simulation Package (VASP). [4] [5] The ion-electron interaction was described by the projector augmented-wave (PAW) method. [6] The wave functions were expanded in a plane-wave basis with a cutoff energy of 550 eV. The [7] [8] and the dipole correction [9] [10] were included in our calculations. The optimized lattice constant of the MoS 2 unit cell is 3.185 Å, in agreement with the reported result [11] . Gibbs free energy for adsorbed hydrogen, , is a good descriptor to evaluate the catalytic activity towards HER, [12] [13] and the change in the entropy of hydrogen upon the hydrogen adsorption. Since the entropy of the adsorbed H is very small, eV at K. [14] The optimal HER activity can be achieved as goes to zero, where both the hydrogen adsorption and the subsequent desorption can be facilitated. Zoomed-in view of the XRD patterns. XRD peaks of the Co-MOF match well with the experimental and simulated XRD patterns of ZIF-67. [15] As shown in Figure S3a , the Co 8 Zn 1 -MOF exhibits sharp diffraction peaks, indicating that it exhibits a highly crystalline structure. Moreover, diffraction pattern of the Table S2 ), thereby allowing a rational Zn loading comparison. As shown in Figure S14a Table S2 ), indicating compositional stability of the electrocatalyst. XRD pattern in Figure S20d also reveals existence of MoS 2 and CoS 2 (similar to the XRD pattern before stability test), suggesting that the crystal structure and phase of the electrocatalyst do not change during HER testing. Obviously, the peak close to the Fermi level becomes more intense with zinc-insertion (for MoS-CoS-Zn compared with MoS-CoS), which can be attributed to the more electrons around its Fermi level.
Meanwhile, MoS-CoS-Zn-1pot has higher valence band maximum value (0.70 eV) than MoS-CoS-Zn. Figure S30 ). These hydrogen adsorption sites are also presented in Figure 5b . Electrocatalytic activities in alkaline electrolyte (Overpotentials at 10 mA cm -2 )
